In the applications of solar energy, the solar radiation data and their components in a region must be known for the design of a system. In the locations where no solar radiation data is available, this parameter can be determined by performing a reasonable correlation. In the study, the models of global solar radiation on the horizontal surface in the literature are investigated, and new empirical models based on the sunshine hour data for Erzincan, Turkey are developed. In order to indicate the performance of the models, the statistical test methods of mean bias error (MBE), root mean square error (RMSE) and mean relative error (MRE) are used. The results obtained indicate that the correlations developed in the study predict the global solar radiation reasonably well for the future projections.
INTRODUCTION
The trends of energy indicate that world oil production will reach peak and start a long downward slide when the fossil fuel and gas would have been consumed (Augustine and Nnabuchi, 2009) . The studies that have gained speed on the new and renewable energy sources, are encouraged because energy resources used today both rapidly decrease and cause environmental pollution. Solar radiation is the largest renewable energy source and it has been studied recently due to its importance (Falayi et al., 2008; Ugwu and Ugwuanyi, 2011) . Turkey lies in a sunny belt between 36° and 42° N latitudes. The yearly average solar radiation is 3.6 kWhm -2 day -1 and the total yearly radiation period is approximately 2640 h, which is sufficient to provide adequate energy for solar thermal applications. In spite of this high potential, solar energy is not now widely used, except for flat-plate solar collectors (Karagoz and Bakirci, 2010) .
The solar radiation data and their components in a region must be investigated for the design of a system in the applications of solar energy. Namely, a reasonably accurate knowledge of the availability of the solar resource at any place is required by solar engineers, architects and agriculturists for many applications of solar energy. The data are determined by developing correlations in the places where solar radiation data are not measured.
Scientists have developed many empirical equations which determine the relation between radiation and various climatological parameters (Iqbal, 1979; Newland, 1989; Jain, 1990; Tiris et al., 1995 Tiris et al., , 1996 Said et al., 1998; Rehman, 1998; Kaygusuz, 1999; Rehman, 1999; Ulgen and Hepbasli, 2004; Bakirci, 2008a; Falayi et al., 2008; Bakirci, 2009) . Page (1961) presented the coefficients of the Angström-type model, which is believed to be applicable anywhere in the world. Rietveld (1978) examined several published values of regression coefficient for Angström-type relations and suggested a correlation. Bahel et al. (1986) suggested the linear equation for the estimation of solar radiation of Dahran, Saudi Arabia. Louche et al. (1991) presented the linear model to predict global solar radiation for a French Mediterranean site. Tiris et al. (1996) proposed Angström-type equation with hours of bright sunshine in Gebze, Turkey. Togrul and Togrul (2002) developed the Angström-type equation for some provinces (Ankara, Antalya, Izmir, Yenihisar (Aydin), Yumurtalik (Adana) and Elazig) in Turkey. Ulgen and Hepbasli (2004) suggested the Angström-type for Ankara, Istanbul and Izmir in Turkey. Bakirci (2009) presented the linear model given in the work to estimate the global solar radiation in general of Turkey. Bulut (2010) generated typical solar radiation years for seven provinces located in Aegean region of Turkey using the daily global solar radiation data measured during at least for 15 years. In Bulut's study, the typical daily global solar radiation data for the locations considered were presented throughout a year in a tabular form. The objective of this study is to test the available models in the literature and to develop new empirical equations which correlate the monthly average daily horizontal global radiation by using the sunshine hour data for Erzincan, Turkey.
Climate properties
The latitude, longitude and altitude of Erzincan, Turkey are 39.30, 39.44 and 1215 m, respectively. The value of the yearly heating degree-days with the base temperatures of 18°C is 3020 (Bakirci et al., 2008) .
Yearly total N bin values for the provinces of Erzincan are shown in Table 1 (Ozyurt et al., 2009 ). The six time periods are: (1) 01 to 04 h, (2) 05 to 08 h, (3) 09 to 12 h, (4) 13 to 16 h, (5) 17 to 20 h, and (6) 21 to 24 h. Thus, bin data for dry-bulb temperature from -36 to 45°C with 3°C increments are calculated in six daily 4 h shifts (1 to 4, 5 to 8, 9 to 12, 13 to 16, 17 to 20 and 21 to 24 h) for Erzincan in the region of the East Anatolia of Turkey.
METHOD OF CALCULATION
The simple model used to estimate monthly average daily global solar radiation on horizontal surface is the modified form of the Angström-type equation. The original Angström-type regression equation is related with the monthly average daily radiation to the clear day radiation at the location and the average fraction of possible sunshine hours (Angström, 1924) . Page (1961) and others have modified the method using the values of extraterrestrial radiation on a horizontal surface rather than that of clear day radiation (Duffie and Beckman, 1991) :
Where H is the monthly average daily global radiation, Ho is the monthly average daily extraterrestrial radiation, S is the day length, So is the maximum possible sunshine duration, and a and b are empirical coefficients.
The monthly average daily extraterrestrial radiation on a horizontal surface (Ho) can be computed by the Equation 2 (Howell et al., 1982; Duffie and Beckman, 1991) : Where Isc is the solar constant (=1353 Wm -2 ), φ the latitude of the site, δ the solar declination, ωs the mean sunrise hour angle for the given month and D the number of days of the year starting from first January. The solar declination (δ) and the mean sunrise hour angle (ωs) can be calculated by Equations 3 and 4, respectively (Duffie and Beckman, 1991) :
For a given month, the maximum possible sunshine duration (So) can be computed by using Equation 5 (Duffie and Beckman, 1991) :
The values of the monthly average daily solar radiation (H) are calculated for the days giving average of each month offered by Klein (1977) .
Used linear models
The simple model used to estimate monthly average daily global solar radiation on horizontal surface is the modified form of the Angström equation. There are eight types of the linear model equations in this study, as shown in Table 2 .
The empirical coefficients of a and b shown in Equation 1 are obtained by using the least squares method. As shown in Table 2 and Equation 1, these empirical coefficients vary according to the climate conditions of the locations given. Additionally, the correlations obtained in the studies are generally chosen due to their simple and high determination coefficients.
Comparison of methods
In the literature, there are numerous statistical methods available Bakirci (2009) to compare solar radiation models (Ma and Iqbal, 1983; Tiris et al., 1996; Kaygusuz, 1999; Togrul and Togrul, 2002; Ulgen and Hepbasli, 2004; Bulut and Buyukalaca, 2007; Bakirci, 2008b) . In the present study, the predictive efficiencies of the models are tested using the following terms: mean bias error (MBE), mean relative error (MRE) and root mean square error (RMSE). These terms are defined by Equations 6 and 7 as follows:
Where xi is the i-th measured value, yi the i-th calculated value, and k the total number of observation. The MBE provides information on the long-term performance of an equation. A positive MBE represents an over-estimation while a negative MBE shows underestimation. The RMSE provides information on the short-term performance of an equation. The value of RMSE is always positive, representing zero in the ideal case (Ma and Iqbal, 1983) .
The MRE can be used to test for determining the linear relationship between measured and estimated values, which can be calculated from Equation 8 as follows (Bulut and Buyukalaca, 2007) :
In this study, the nine models are compared on the basis of the previously mentioned statistical error tests and, the accuracy of the estimated data for the models is determined by using these tests. For better data modeling, these statistics should be closer to zero.
RESULTS AND DISCUSSION
The data of the monthly average daily global solar radiation (MJm Some of the available models in the literature are tested to estimate the monthly average daily global solar radiation on horizontal surface with hours of bright sunshine for Erzincan, Turkey. Also, a modified Angström-type equation is developed (Model 9):
The values of MBE, MRE and RMSE for Models (1 to 9) are shown in Table 3 . The closer these statistics are to zero, the better the estimator is. A positive MBE represents an overestimation while a negative MBE shows an underestimation.
Comparing the results, it can be seen that some models give good results. Model 9 has the smallest errors than the other models. According to results, the Models 9 and 8 are proposed for the estimation of global solar radiation for Erzincan, Turkey.
The linear relationship between the monthly average values of H/H o versus S/S o is shown in Figure 1 . The comparisons of the values of the monthly average global solar radiation measured and calculated from the Models (1 to 9) are shown in Figure 2 . For the province of Erzincan, the following main results are obtained from the evaluation of the values in Table 3: According to the results, the model shown in Equation 9, which is developed in the study, is found to be the most accurate model for the estimation of global solar radiation on a horizontal surface for Erzincan, Turkey. The MBE, MRE and RMSE are calculated to be 0. 
Conclusions
The sunshine based models are employed for the estimation of global solar radiation for Erzincan, Turkey and compared with the previously reported results on the basis of statistical error tests. The monthly linear equation (Model 9) developed in the study which is found to be the best overall according to MBE, MRE and RMSE, have the best performance based on the measured data at the station in Erzincan. Also, the correlation equations developed here will enable the solar energy researcher to use the estimated data with confidence because of its fine agreement with the observed data. Also, this correlation can be used elsewhere with similar climatic 
